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FOREWORD

This report provides an interim version of a Space-
craft Charging Requirements Appendix to MIL-STD-1541. It has been
generated by Science Applica ons, Inc. (SAI) as part of their
Contract (F04701-80-C-0009) for SCATHA Data and Modeling Analysis.
The report will be updated in FY81 and provided to AFSD and

Aerospace Corporation for input to the MIL-STD-1541 revision.
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SECTION I

I NTRODUCTI ON

1.0 STATUS OF SPACECRAFT CHARGING STANDARD DEVELOPMENT

The development of a military standard for spacecraft

charging requirements is an essential product of the Cooperative

NASA/AF Spacecraft Charging Investigation. Figure 1.0-1 presents a

timeline of the history of this development over the past 4 years

of the NASA/AF program- The current goal is the incorporation of

S/C charging requirements into an update of MIL-STD-1541 by the

end of Air Force FY82. Over the time period shown, the S/C

Charging Standard has evolved from an initial identification of a

need for an environmental and test specification, through a

potential stand-alone military standard requirements document. to

the now planned MIL-STD-1541 revision. The intent is to serve the

community of system program offices, NASA labs, and space vehicle

contractors with a document which provides a consensus of

practical requirements for design, test, and analysis to minimize
the effects of the S/C charging phenomena.

SAI has just completed a phase of reviewing the S/C
Charging Standard inputs with the new AF and Aerospace Corporation

SCATHA program management for the purpose of providing a fresh

look into what can be incorporated within the milestones of the

NASA/AF program. Section 2.0 of this introduction presents the

high priority NASA/AF program activities which are essential for

the military standard update. The planned schedule for the

completion of these tasks is also shown. A structure for the

contents has been defined and is detailed in Section 3.0. Section

4.0 presents the views of SAI on the practical utility of the S/C

Charging Requirements and the supporting information generated In

* the joint NASA/AF program.



Ll Q uE-

_ _ _ _ _ _ _ P0 <

<Q-)E- E- V.,Z

E--4 4 -

0 -M 0 0 E- w
03 >

0-0
Z .. -4 E-4

- 0E- (zu

02 0
rMO zQrz 04)

2 00 E-<-%
z ml --- <

m 0 o=0 0

E-4 E

00 or
co -

ClC

02-

z~ E- o Z Z
~Z rm-4

-zw co -C
Wz E- c w U0 -



The second major part of this report, Section II,

provides the current contents of the MIL-STD-1541 revision in the

format of a S/C Charging Requirements Appendix to be added to the

MIL-STD-1541 document. An attempt has been made to quantify as

much information as possible based on the current data available.

Material with a high degree of uncertainty is flagged or left TBD

at this time, with same "best available information" in parentheses.

The third major part of this report, Section III,

provides selected background information regarding the S/C charging

requirements appendix. Major references and sources of information

are provided. Further technical detail is presented, especially

applicable to the justification of the inputs used in the

MIL-STD-1541 update. The report concludes with a summary and

recommendations for the concentration of efforts during the next

two years to finalize the document revision.

2.0 KEY ACTIVITIES AND MILESTONES SCHEDULES

Certain activities are considered essential in provid-

ing the required inputs for a comprehensive military standard

product. These are shown in Figure 2.0-1 along with the currently

planned schedule and milestones for each task. Agencies involved,

as members of the joint NASA/AF S/C Charging Investigation, are

called out at the right of the figure. Tasks which are intended to

be contracted by the Air Force for FY81 are shown in parentheses

with their schedules dashed. Crucial milestones for direct inputs

(i) to the SAI S/C Charging Standard Reports (CDRL A005) are

indicated as well as final products to be referenced (R) only in

the final MIL-STD-1541 revision. As a guideline, all essential

inputs (I), should be received by SAI by 1 July, 1981.

The following comments are important to their repre-

sentative tasks:

o The SAI Reports and the MIL-STD-1541 revision

require a close and continuous coordination between

1-3
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SAI and the Aerospace Corporation to assure that

SPO interests and community needs are comprehen-

sively addressed.

o The Engineering Analysis Survey Report (to be issued

by Aerospace Corp.) requires inputs from the SAIl

SRI team on the TPM analysis.

o The environment definition (AFGL responsibility)

requires a high intensity effort to be inclusive

of a large and representative base of P78-2 data.

A definition of the region of space pertinent to

S/C charging effects is also required from AFGL.

o The sheath models are of lower priority than the

other tasks for inclusion in the standard. The

NASCAP validation is important for comparisons to

P78-2 space data and to ascertain the utility of

using simpler codes for charging analysis.

o The charging level determination task is required

to establish "worst case" differential potentials

on spacecraft of typical generic designs. To

accomplish this, NASCAP (or another charging code),

should be applied to sample S/C designs using a

high intensity plasma environment (as determined

from P78-2 data) as a source. An alternative is

to base the "worst case" levels on P78-2 SSPM data

alone, but this will not be representative of other

S/C designs.

o The discharge characterization effort should be

contracted for an early FY81 kickoff in order to

meet overall program schedule requirements. A

comprehensive discharge characterization program

has been tasked to an SAI/Beers Associates team.

1-5
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o The transients characterization requires intense

effort by Aerospace Corp. (SCI-8B) and SAI/SRI

(TPM) to complete a full survey and analysis of

P78-2 data

o EMI/Coupling Analysis and the development of test

procedures is of crucial importance to the MIL-STD-

1541 revision. Collaboration is necessary among

IRT, SAI, and Aerospace Corp. in this activity.

IRT SCATSAT test program option II appears suffi-

cient to build the basis for a recommended test

approach for inclusion in the standard.

To assure the timely completion of interim products

within this milestone schedule, the SPO must assume an active role

in closely monitoring all key tasks and activities. Additionally,

the allocation of funds within budget constraints should be

directed with emphasis on high priority tasks. The overall

management of this activity with the goal of a MIL-STD-1541

revision in FY82 is a substantial undertaking.

3.0 STRUCTURE OF MIL-STD-1541 REVISION

The military standard requirements for spacecraft

charging will take the structure of an appendix to the MIL-STD-1541

document. Elements within the main body of the current MIL-STD-

1541 relating uniquely to S/C charging will be deleted in the

formal revision by Aerospace Corporation.

It is intended that the region of space of direct con-

cern for S/C charging effects be defined by AFGL in the Environ-

mental Atlas (with coordination by Aerospace Corp). Any space

system under consideration that would enter this region during the

course of its mission, would be subject to the requirements of the

S/C Charging Appendix. Aerospace Corporation will clearly #eature

* this as an applicability statement (inclusion or exclusion clause)

in Section 1.0 SCOPE of MIL-STD-1541 In the revision. A recom-

mendation for the text for this "inclusion" clause follows:

1'lk I1-6 j



Text For Section I.- APPLICATIONS

Appendix TED of this document, Spacecraft Charging
Requirements, shaIT-Se applicable only to space systems which
might enter, during the course of their mission, the region of
space containing the plasma environment which can cause space-
craft charging effects. This region of space is defined in TED
(Final AFGL Atlas).

Note: A brief summary of the applicable region may also be in-
cluded (e.g. regions between L shell values of 4.0 and 9.0).

Section II of this report provides the SAI recommended

inputs for the Spacecraft Charging Requirements Appendix, follow-

ing the format as specified by MIL-STD-962. The main sections of

the appendix are:

10. SCOPE

20. REFERENCED DOCUMENTS

30. DEFINITIONS

40. GENERAL STATEMENT OF REQUIREMENTS

50. DETAILED STATEMENT OF REQUIREMENTS

Table 3.0-1 provides a brief description of the contents of each

section.

4.0 UTILITY OF MIL-STD-1541 REVISION

To date, contractors have had no definitive require-

ments regarding S/C charging effects upon which they could

properly plan and implement a program of design, analysis, and

test for the susceptibility of their space systems to this

phenomena. Requests for proposals (RFPs) fcr major space systems

have included preliminary requirements which have little justi-

fication and are based on a limited data set of postulated events

on-orbit or rudimentary ground tests. Program offices as well as

contractors need a clearer, more precise, and comprehensive set of

requirements for spacecraft charging effects.

1.-7
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It is the intent for Section II of this report to provide a

foundation for this requirements document. In final appendix

form, it shall be incorporated as the primary revision to

MIL-STD-1541 for S/C charging.

The Spacecraft charging requirements are designed to

assure program offices that all features regarding the suscep-

tibilities of space systems to S/C charging are addressed. At the

same time, the requirements are stated in an unambiguous manner to

permit contractors to practically scope the efforts required for

design, analysis, and test so that they may rationally bid on this

activity within their space system program budget. It is recog-

nized that contractors may seek waivers from selected spacecraft

charging requirements (shielding requirements, test levels, etc.).

This is clearly possible if the contractor can show, through

analysis or test, that his particular design is less susceptible

to the specified S/C charging environment than that of a

generalized design assumed in defining the requirements.

Additionally, certain program offices may wish to delete or change

requirements they feel are not appropriate to their programs.

This can be controlled within the Statement of Work (SOW) by

carefully tailoring the requirement for the applicability of

MIL-STD--1541 and the S/C Charging Requirements Appendix.

1-9



SECTION II

MIL-STD-1541 Revision

APPENDIX: SPACECRAFT CHARGING REQUIREMENTS

This appendix includes mandatory material to be considered

as part of this standard as prescribed in paragraph TBD of this

standard. (Paragraph TBD is the applicability statement within

body of MIL-STD 1541).

10. SCOPE

10.1 Scope. This appendix establishes the spacecraft charging

(SCC) protection requirements for space vehicles which are

to operate in the magnetospheric plasma environment as

specified in TBD (AFGL Final Environmental Atlas - defini-

tion of applicable region of space).

10.2 Application. This appendix shall be applicable only to

space systems which might enter, during the course of their

mission, the region of space containing the plasma

environment which can cause spacecraft charging effects.

This region is defined in TBD (Final AFGL Atlas). (Regions

of space in the vicinity of the earth with L shell values

of between 4.0 and 9.0 are representative of the regions of

the SCC hazard). This appendix shall apply generally to

all space systems exposed to the SCC hazard. Certain

requirements may, however, be specifically tailored to

individual program specifications with the approval of the

procuring agency

2-1



20. REFERENCED DOCUMENTS

20.1 Issues of Documents. The following documents of the issue

in effect on the date of invitation for bids or request for

proposal, form a part of this Appendix to the extent

specified herein:

STANDARDS

Military

MIL-STD-1541 (USAF) - Electromagnetic Compatibility
Requirements for Space Systems

20 2 Other Publications. The following documents form a part of

this appendix to the extent specified herein. Unless

otherwise indicated, the issue in effect on the date of

invitation for bids or request for proposal shall apply.

NASA TM X-73446 - Provisional Specification for Satel-

lite Time in a Geomagnetic Substorm

Environment (to be updated)

AFML-TR-76-233 - Conductive Coatings for Satellites

AFML-TR-77-174 - Transparent Antistatic Satellite

Materials

AFML-TR-77-105 -Spacecraft Static Charge Control

Materials

AFML-TR-78-15 - Satellite Contamination

AFGL-TR-77-0288 - Modeling of the Geosynchronous Orbit
Plasma Environment - Part I

J)i 2-2



AFGL-TR-78-0304 - Modeling of the Geosynchronous Orbit

Plasma Environment - Part II

AFGL-TR-79-0015 - Modeling of the Geosynchronous Orbit

Plasma Environment - Part III

NASA (to be - Design Guidelines for Spacecraft

published) Charging Monograph

NASA CR-135259 - NASCAP User's Manual

AFGL (to be - Final Environmental Atlas, Preliminary

published) version: P78-2 SCATHA Preliminary Data

Atlas

AFWAL-TR-80-4029 - Satellite Spacecraft Charging Control

Materials

2



30. DEFINITIONS

30.1 Definitions That Apply To This Appendix. The terms used

in this appendix are either defined in MIL-STD-1541 (USAF) or

listed in the following paragraphs.

30.1.1 Arc Discharge (Vacuum Arc Discharge). A discharge taking

place in a vacuum region with initially high potential gradients.

The electric field may exist within a dielectric or in the vacuum

region surrounding the charge retaining material. In the latter

case, the gradients are between the electrode and either the

vacuum chamber walls or an equivalent space charge surrounding the

electrode. In these cases, the potential gradients must be

sufficiently high to ionize and vaporize the charge retaining

material. There are different types of important vacuum arc

discharges, each classified by the configuration of the electrodes

or the characteristics of the current path at the spark gap.

These are the dielectric-to-metal discharge and the metal-to-metal

discharge, each with a spark gap path that is classified as a

punch-through, a flash-over, or a blow-off discharge.

30.1.2 Blow-off Discharge (Space Emission Discharge). A vacuum

discharge characterized by the ejection of current (blow-off of

charge) into space surrounding an electrode. To produce a space

emission discharge, the electric field must be sufficiently high

to cause ionization and vaporization at the electrode.

30.1.3 Backscattering. The deflection of particles by scattering

processes in matter such that particles emerge through the same

planar surface as they entered.

30.1.4 Capacitive Direct Injection (CDI). A method of inducing a

space vehicle response that simulates that response to a blow-off

discharge. The method involves driving the space vehicle with a
current injection into a given point, with charge return

accomplished through a drive plate serving as a capacitor.

* D2-4



30.1.5 Dielectric-To-Metal Discharge. A discharge between two

electrodes, one of which is a dielectric charge retaining material
and the other is a conductive (metal) electrode in the vicinity of

the dielectric. A dielectric material will typically accumulate

charge when irradiated by electrons or ions or under certain

conditions when placed in a plasma environment.

30.1.6 Differential Charging. The charging of neighboring space

vehicle surfaces to differing potentials by the combined effects

of space plasma charging, photoemission, secondary emission, and

backscatter.

30.1.7 Faraday Cage. An electromagnetically shielded enclosure.

The term generally refers to a conductive metallic structure,

package, or mesh which attenuates external electromagnetic energy

to specified levels in the interior.

30.1.8 Flash-Over Discharge. A discharge characterized by a

current path that travels along a surface of the material (and

sometimes around an edge) to close the path between the

electrodes.

30.1.9 Geomagnetic Substorm Activity. The conditions near

geosynchronous altitude during the injection of substorm particles

into the earth's magnetic field, including disturbances in the

dipole field and increased plasma energies and current densities.

30.1.10 Magnetospheric Plasma. The space plasma environment

constituent in the magnetosphere. This is an electrically neutral

collection of electrons and positive ions (primarily protons) with

densities near geosynchronous altitude on the order of one
3

particle/cm

30.1.11 Metal-To-Metal Discharge. A discharge between two

conducting electrodes.

2-5



3.1.12 Photoemission. An effect whereby radiation of

sufficiently short wavelength impinging on substances causes
electrons to be emitted with an energy that varies with the

frequency of the radiation.

3.1.13 Punch-Through Discharge. A discharge through the bulk of

a dielectric material coupled with a bulk breakdown of the

insulating strength of the dielectric separating two electrodes.

The current path is through the bulk of the material, with

surfaces on opposite sides of the dielectric acting as electrodes.

The punch-through discharge may occur in vacuum or in air.

3.1.14 Replacement Current. Current that flows to the electrodes

in response to a discharge but not as part of the discharge.

3.1.15 Secondary Emission. An effect whereby low energy

electrons or ions, called secondary electrons or ions, are emitted

from a material as a result of the interaction of higher energy

electrons or ions with the material. The ratio of secondary

particles to primary particles can be greater than unity.

30.1.16 Spacecraft Charging (SCC). The phenomenon where space

vehicle elements and surfaces can become differentially charged to

a level sufficient to cause discharges and rpsulting EMI. The

primary effects of SCC are electrical transients and upsets,

material degradatic- and enhanced contamination.

30.2 Acronyms Used in This Appendix.

CDI - Capacitive Direct Injection

EMI - Electromagnetic Interference

ESD - Electrostatic Discharge

MLI - Multi-Layer Insulation

S/C - Spacecraft

SCC - Spacecraft Charging

* 2-6



40. GENERAL STATEMENT OF REQUIREMENTS

40.1 Spacecraft Charging Protection Program. The contractor's

spacecraft charging protection program shall include (a)

the preparation and maintenance of an analytical plan and

(b) the preparation and maintenance of a test plan. The

intent of the program shall be to assure that the space

vehicle is capable of operating in the specified space

plasma charging environment (Section 40.1.1) without

degradation of the specified space vehicle capability and

reliability and without changes in operational modes,

location, or orientation. This performance must be

accomplished without the benefit of external control such as

commands from a ground station. The spacecraft charging

protection program, the analytical plan, and the test plan

shall be subject to apnroval by the procuring agency.

40.1.1 Specified Environment. The space plasma charging environ-

ment shall be that as specified in TBD (AFGL Final Environ-

mental Atlas). Other AFGL documents useful to model the

plasma environment include: AFGL-TR-77-0288, AFGL-TR-78-

0304, and AFGL-TR-79-0015. A "worst case" engineering

specification for that environment follows.

A "worst case" substorm is described as a plasma environment

composed of electrons (e) and protons (p) with the following

temperature and density for the given time intervals (see

Figure 40.1-1).

40 1.2 Performance. Analysis and test shall be used to assure that

all space vehicle electrical systems perform to specified

capabilities in the specified environment. Specified

capabilities and levels of performance shall be established

* by the procuring agency.
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40.1.3 Design. Protective design measures shall be compatible with

MIL-STD-1541 (USAF) and TBD (NASA Design Guidelines) to limit

the susceptibility of electrical systems and spacecraft

materials to the SCC hazard. Materials used in the space

vehicle design shall perform to specified capabilities in the

specified environment. The space vehicle design shall limit

contamination enhanced by electrostatic effects induced by

the specified environment to contamination levels that will

not reduce the performance of space vehicle surfaces or

systems below specified capabilities. Any protective

features incorporated in the space vehicle design to reduce

the 8CC hazard must not reduce space vehicle performance

below specified levels.

10 - PARTICLE TEMPERATURES

8 -- Wp2Xe

ELECTRON TEMP,
keV 4

2

PLASMA DENSITY

3

DENS IfTY,cm"3  2

o 20 40 60 80 100
TIME, min

Figure 40.1-1 "Worst Case" Substorm Parameters
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50. DETAILED STATEMENT OF REQUIREMENTS

50.1 Performance.

50.1.1 Electrical Subsystems and Systems. Space vehicle elec-

trical subsystem and system outage shall be permissible

during an arc discharge if operation and performance

returns to specified levels within a telemetry main frame

period after onset of the discharge or within some other

period as defined by the procuring agency. A command to

the space vehicle from an external source such as a ground

station is not required to be completed if an arc

discharge occurs during transmission of the command,

provided that an unintended action does not result and that

the space vehicle is capable of receiving and executing

subsequent commands and meeting specified performance.

Space plasma-induced electrical transients shall not affect

on-board digital data beyond the specified design limits.

50-1.2 Materials.. Thermal control materials and their surfaces,

second surface mirrors, solar cells and coverslides, and
other critical materials, structures, and components shall

not degrade in thermal or optical properties or structural
* integrity in the specified space plasma environment below

the level required to perform to specified capabilities.

50.2 Design. The following design requirements (50.2.1 through
50.2.5) shall be implemented for protection against the SCC

hazard. Additionally the design guidelines in TBD (NASA

Design Guidelines Monograph) should be followed wherever

reasonable and applicable. Where it is impractical or

undesirable to implement the following design requirements,

the contractor shall show by analysis or test that
non-concurrence with the requirement will not degrade space

vehicle performance below specified capabilities.
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50.2.1 Grounding of conducting elements. All space vehicle

conducting elements shall be tied by an electrical

grounding system so that the DC resistance between any two

points is < 0.1 ohm. The grounding shall be applicable to

all conducting elements with external surfaces exposed

directly to the specified plasma environment and for all

elements with surface areas > 25 cm. DC resistance

levels of grounds shall be verified by standard ohm-meter

measurements. The grounding does not apply directly to

thin (< l1i i) conducting surfaces on dielectric materials.

These are treated separately in Section 50.2.2.

50.2.2 Grounding of thin conducting surfaces. All thin (< 101ji)

conducting surfaces on dielectric materials shall be

electrically grounded to the common space vehicle

* structural ground so that the DC resistance between the

surface and the structure is < 10 ohms. DC resistance

levels of grounds and bonds shall be verified by standard

ohm-meter and bond-meter measurements. Thicker surfaces

shall be grounded as described in Section 50.2.1. Thin

conducting surfaces shall be inclusive of, but not limited

to, all metallized surfaces of multi-layer insulation (MLI)

thermal blankets, metalized dielectric materials in the

form of sheets, strips, tapes, or tiles, conductive

coatings, conductive paints, conductive adl'esives, and

metallic grids or meshes. The number of ground points on

each conducting surface should follow the following

prescription:

Surface Area Number of Ground Points

< 1.0 in2  2 or more

1 0 to 4.0 mn2  3 or more

> 4.0 mn2  1 per mn2

Additionally, any point on a conducting surface should be

within 1 meter of a grounding point.
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50.2.3 Shielding of EMI. All electronic cables circuits, and

components shall be provided with EMI shielding to

attenuate radiated fields from discharges (100 kHz to 1

GHz) by at least 40 db. Attenuation levels of radiated

fields shall be verified by standard measurement

techniques or by analysis for representative locations

internal to shielding enclosures. The method of

verification shall be subject to approval by the procuring

agency. The shielding may be provided by the basic space

vehicle structure designed as a "Faraday cage" with a

minimum of openings or penetrations, by enclosures of

electronics boxes, by separate cable shielding, or by

combinations of the preceding shields. Electronics units

and cables external to the basic space vehicle structure

shall have individual shields providing the 40 db

attenuation of EMI.

50.2.4 Filtering of electrical transients. Sensitive electronic

circuits shall be designed with filters to provide

protection against high frequency (up to 100 MHz), large |

amplitude (TBD amperes), fast rise time (< 10 nanoseconds)

pulses of up to 10 useconds duration. Sensitivity of

individual circuits and components shall be determined

through test or analysis. Subsystem and system level pulse

injection tests (see Section 50.4) shall be used to veri~y

the effectiveness of the filters employed. Pulses shall be

representative of those generated by the coupling of EMI

from SCC associated discharges to the spacecraft wiring

harnesses. Characteristics of SCC associated discharges

are described in Section 50.2.4.1.

50.2.4.1 SCC associated discharge characteristics.

TBD. The preliminary format for the characterization of

typical "worst case" SCC associated discharges follows:

The "worst case" characterization of a SCC associated

discharge includes the following parameters:
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1. Blow-off and arc current time history

(probably monopolar, with rise time of 5 to 100

nanoseconds, dependent on sample linear dimensions;

decay times to several iseconds, dependent on RC

time constant of the sample; total charge in

blow-off or integral of blow-off current is probably

proportional to sample area; see Figure 50.2-1).

2. Electric and magnetic fields

(described as functions of distance and time; dependent

on motion of blow-off charge; configuration dependent).

3. Total energy content

(stored, radiated, and dissipated energies; probably in

range of 1 mjoule to 1 joule).

4. Breakdown conditions

(extrapolations of ground test data to space conditions)

Additionally, scaling relationshJps and functional

dependencies for the above parameters will be included here

or referenced in a supporting document. The discharge

characterization is dependent on type of material, sample

area, thickness, configuration, charging current density

and energy distribution, and irradiation history.

Discharges will be described for materials which are

commonly used on spacecraft and known to exhibit charging/

discharging effects. Parameters listed above and in the

following figure will be quantified as information becomes

available.

50.2.5 Materials selection. Materials used in the space vehicle

design shall be selected to minimize differential charging

(see Section 50.2.5.1) and discharging (see Section 50.2.4.1)

effects from the specified environment while maintaining

specified performance capabilities. All materials used on

exposed surfaces should be tested or analyzed to determine

2 1" h 2-12
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their charging and discharging characteristics in the

specified environment. The method of test or analysis is
subject to the approval of the procuring agency. Surfaces

located internal to the outer space vehicle structure should

be shielded from the space plasma environment by eliminating

openings in the structure. Material selection should

additionally be based on minimizing outgassing and other

sources of contamination. Exposed surfaces which are

susceptible to effects of enhanced contamination due to SCC

should be identified and protected where necessary to assure

performance to specified capabilities. References useful to

spacecraft material selection include AFML reports: AFML-TR-

76-233, AFML-TR-77-174, AFML-TR-77-105, and AFML-TR-78-15.

50.2.5.1 SCC associated differential potentials.

TBD. Tables of "worst case" magnitudes of differential

potentials and potential gradients expected for selected S/C

materials and material configurations on generic S/C designs

will be provided. Potentials will be those derived from

analysis using the "worst case" substorm environment (Figure

40.1-1) and compared to P78-2 data.

To date, representative maximum levels as measured on the

P78-2 SCI-3 (shadowed samples) SSPM include:

SAMPLE POTENTIAL (with respect to S/C ground)

Aluminized Kapton -2.0 kV

Silvered Teflon -4.0 kV

Astroquartz -3.7 kV

50.3 Analysis. As part of the SCC protection program, an

analytical plan for SCC shall be prepared and maintained.

The SCC analytical plan shall be a detailed plan specifying
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the Sc analysis program that will be used to achieve

conformance with the requirements in this appendix. The

plan shall be subject to approval by the procuring agency.

The plan shall be implemented to analyze the space vehicle

design for susceptibility to SCC The analysis plan

should complement the test plan (see Section 50.4) and the

analysis should generate data useful to identify

susceptible design areas and locations for testing and to
quantify representative test levels.

50-3.1 Analysis approach. The analysis should be inclusive of a

modeling of the charging of the space vehicle by the

specified environment as well as the competing effects of

photoemission, backscatter, and secondary emission.

Extremes in differential charging levels of the space

vehicle and susceptible locations for discharges should be

identified. Estimates of discharge characteristics (see

Section 50.2.4.1) should be made for the specific space

vehicle design of interest, including the actual materials

and mounting configuration used in the design. A coupling

analysis should be performed relating the EMI and

structural replacement currents resulting from the

discharges to electrical transients in internal space

vehicle cables. In all cases, estimates should be made of

the extremes ("worst case") magnitudes of charging levels,

discharges, and electrical transients characteristics for

the space vehicle design of interest. The analytical

program should be made to complement the test program (see

Section 50.4) for SCC effects on the space vehicle. In

this manner, test levels and test locations should be an

accurate representation of SCC effects on the actual space

vehicle design.

50.3.2 Analysis procedure. The following procedure should be

followed in analyzing the space vehicle for effects from

electrical transients induced by SCC. Any analytical
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tools or computer codes used shall be described in the

analytical plan and subject to approval by the procuring

agency.

50.3.2.1 Charging analysis. The specified environment shall be

used with space vehicle design features as primary inputs

into analytical calculations of the extremes of

differential charging for the spacecraft of interest. As

a minimum, the analysis should determine:

1. the frequency of occurrence and duration of periods

of high charging levels TED (> 1000 volts)

2. the maximum differential potentials and potential

gradients expected

3. the locations of large differential potentials and

potential gradients on the space vehicle (candidate

spacecraft locations for ESD tests)

(The NASCAP computer code, when validated, will be useful

to this analysis).

50.3.2.2 Discharge characterization analysis. The characteristics

of discharges caused by SCC are provided in Section

50.2.4.1 for selected material samples and configurations.

These shall be used along with associated analysis of the

specific space vehicle design of interest and with the

charging analysis (Section 50.3.2.1) to estimate extremes

* of discharge characteristics expected. As a minimum, the

analysis should determine:

I. discharge parameters (amplitudes, pulse shape,
frequency content)

2. radiated electric and magnetic fields

2-16



3. energy content of discharge pulse

4. potential discharge site locations
(candidate spacecraft locations for ESD tests)

50.3.2.3 Coupling analysis. The results of the discharge charac-

terization analysis should be used as source terms in an

electromagnetic coupling analysis specific to the space

vehicle design of interest. Estimates should be made of

extremes in magnitude of radiated EMI and structural

replacement currents resulting from the expected or

specified discharges. The coupling analysis should then

determine as a minimum:

I. electromagnetic fields generated interior to the
space vehicle due to ESD

2. induced transient pulse characteristics (amplitude,
pulse shape, frequency content) for wiring
harnesses and sensitive circuits and electronic
components

3. identification of susceptible elements in electronic
subsystems

50.4 Testing. As part of the SCC protection program, a test

plan for SCC shall be prepared and maintained. The SCC test plan

shall be a detailed plan specifying the SCC test program that will

be used to achieve conformance with the requirements in this

appendix. The plan shall be subject to approval by the procuring

agency. The plan shall address the test requirements and test

methods for subsystems and systems as presented in the following

sections. The test plan should be complementary to the SCC

analysis plan (see Section 50.3). The plan shall be implemented to

test the space vehicle susceptibility to the effects of SCC. Test

procedures as presented in the N~ASA document, TED (Design
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Guidelines Monograph), should be followed where applicable. With

the approval of the procuring agency, specific test requirements

may be modified to be consistent with the contractor's space

vehicle design. Supportive analysis is required to justify the

reduction of any test levels below those specified in this

appendix.

50.4.1 Test Requirements. The following SCC test requirements

are applicable to prototype and flight model space vehicle

subsystems and systems.

50.4.1.1 Subsystem Test Requirements. All spacecraft subsystems,

components, and their interconnecting cabling shall be subject to

the following test requirements.

50.4.1.1 1 Direct Injection. All space vehicle subsystems shall be

tested for SCC susceptibility by the direct injection of electrical

pulses. The test level shall be TBD (amplitude level) or a level 6

dB greater than the threat level as determined by analysis. The

test level shall be subject to approval by the procuring agency.

Pulse rise times and pulse widths are TBD (10 nsec rise, 2 vsec

width), and the number of test pulses shall be TBD (30 pulses) at a

rate of TBD (one per second) or may be established by analysis and

subject to approval by the procuring agency

50.4.1.1.2 Critical Test Points. Injection points may be selected

from subsystem box input cables or svecific pin locations. The

test must drive all subsystem electronic components. Injection

test locations shall be subject to approval by the procuring

agency.

50.4.1.2 System Test Requirements. The space vehicle system

shall be subject to the following test requirements.

50.4.1.2.1 Capacitive Direct Injection (CDI). The space vehicle

system shall be subject to the CDI of electrical pulses to the

space vehicle structure. The test level shall be TBD (amplitude

2-18
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level) or a level 6 dB greater than the threat level for a blow-off

discharge as determined by analysis and consistent with the

specified discharge characterization (Section 50.2.4.1). The test

level shall be subject to approval by the procuring agency. Pulse

rise times and pulse widths are TBD (10 nsec rise, 2 psec width)

and the number of test pulses shall be TBD (30 pulses) at a rate of

TBD (one per second) or may be established by analysis and subject

to approval by the procuring agency.

50.4.1.2.2 Arc Injection. The space vehicle system shall addi-

tionally be subject to the arc injection of electrical pulses to

the space vehicle structure. The test level shall be TBD (up to

200 amperes) or a level 6 dB greater than the threat level for a

flashover discharge as determined by analysis and consistent with

the specified discharge characterization (50.2.4.1). The test

level shall be subject to approval by the procuring agency. Pulse

rise times and pulse widths are TBD (10 nsec rise, 200 nsec

width), and the number of test pulses shall be TBD (30 pulses) at a

rate of TBD (one per second) or may be established by analysis and

subject to approval by the procuring agency.

50.4.1.2.3 Critical Test Points. CDI test locations and arc

injection points shall be selected based on an analysis of the

space vehicle design for locations considered the most likely sites

for SCC associated discharges. The CDI test must include at least

one pulse injection to the S/C common ground structure, and the arc

injection must include at least one pulse injection at the solar

arrays (if applicable). All test locations must be approved by the

procuring agency

50.4.2 Test Methods. The following SCC test methods are

applicable to prototype and flight model space vehicle subsystems

and systems.

50.4.2.1 Subsystem Test Methods. All spacecraft subsystems,

components, and their interconnecting cabling shall be tested using

the following methods.
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50.4.2.1.1 Test Setup. Direct injection tests on subsystems shall

be accomplished in a bench test. The contractor shall assemble all

units and interconnecting cabling of a subsystem as closely as

possible to a flight configuration. Each subsystem shall be tested

independently.

50.4.2.1.2 Test Conditions. Ambient environment testing is ade-

quate. The subsystem should be powered by batteries and operated

in representative modes subject to approval by the procuring

agency.

50.4.2.1.3 Test Equipment. A pulse generator capable of deliv-

ering the specified test levels and pulse shape (Section

50.4.1.1.1) shall be utilized for the direct injection tests. The

pulse generator sball be approved by the procuring agency. Tests

may take the form of single injection or common mode pin tests, or

direct drive of box input cables. All subsystem resnonse and

circuit monitoring instrumentation and other test equipment shall

be subject to approval by the procuring agency.

50.4.2.1.4 Test Parameters and Susceptibility Analysis. Crucial

subsystem test parameters shall be identified by the contractor as

measures of subsystem performance and as measures of susceptibility

to the direct injection test. The subsystem shall perform to

specified capabilities during and after the test. Test parameters

and measures of subsystem performance and measure of susceptibility

shall be subject to the approval of the procuring agency.

50.4.2.2 System Test Methods. The space vehicle system shall be

tested using the following methods.

50.4.2.2.1 Test Setup. CDI and arc injection tests on the space

vehicle system shall be performed with the system dielectrically

isolated from 
the ground 

and removed 
TBD (several) 

spacecraft

diameters from any metallic walls or large metallic structures.

Space vehicle telemetry monitoring instrumentation and other test
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monitoring equipment should be located in an electromagnetic

shielded enclosure. The space vehicle shall be fully assembled and

set up as closely as possible to its flight configuration.

50.4.2.2.2 Test Conditions. Ambient environment testing is

adequate. The space vehicle system should be powered by batteries

and operated in representative modes subject to approval by the

procuring agency.

50.4.2.2.3 Test Equipment. Pulse generators capable of delivering

the specified test levels and pulse shape (Section 50.4.1.2.1 and

50.4.1.2.2) shall be utilized for the CDI and arc injection tests.

The pulse generators shall be subject to approval by the procuring

agency. (Figures 50.4-1 and 50.4-2 represent preliminary

schematics for performing the tests.) Test equipment shall be

inclusive of system response monitoring instrumentation (all

subsystem response monitored via spacecraft telemetry) as well as

pulse injection instrumentation. All test equipment shall be

subject to approval by the procuring agency.

50.4.2.2.4 Test Parameters and Susceptibility Analysis. Crucial

system test parameters shall be identified by the contractor as

measures of system performance and as measures of susceptibility to

the CDI and arc injection tests. The system shall perform to

specified capabilities during and after the test. Test parameters

and measures of system performance and susceptibility shall be

subject to the approval of the procuring agency.
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SECTION III

BACKGROUND INFORMATION

1.0 JUSTIFICATION FOR MATERIAL IN SECTION II

1.1 Scope (10.)

The format of the Scope (10.1) and Application (10.2)

sections are fairly standard. It is specifically called out,

however, that the Spacecraft Charging Requirements Appendix is onl3

applicable to vphicles operating in the regions of space where the

plasma environment can cause SCC effects. It is, therefore,

mandatory that these regions of space be clearly described with

details called out in a reference document. The likely candidate

for the referenced information is the final version of the AFGL

Environmental Atlas. A statement of the applicability of the

Spacecraft Charging Requirements Appendix should also appear in th(

body of the MIL-STD-1541 revision for completeness.

1.2 Referenced Documents (20.)

Documents included in this list are considered the

essential documents currently required for a comprehensive

understanding of the SCC phenomena, its effects, and approaches to

provide protection to the space vehicle. There may continue to be

additions and deletions to this list during the next year. Program

offices should be allowed to tailor the level of compliance with

the referenced material to meet their specific program

requi rements.

1.3 Definitions (30.)

The list of definitions and acronyms has evolved

during the past two years as a glossary of terms specific to SCC

that are not adequately defined in MIL-STD-1541 or other documents

or have previously had ambi~uous meanings. Dr. Alan Rosen (TRW)



generated several of the definitions and most have undergone a

general review by the SCC community.

1.4 General Requirements (40.)

The intent of this section is to state, in general

terms, the requirement to establish a Soc protection program. The

program should be a combination of incorporating design guidelines

and techniques, material selection, analysis, and test to assure

the space vehicle will perform to specified capabilities in the

SOC hazard. The plasma environment associated with the SCO hazard

is specified in this section, and is based on NASA/AFGL

preliminary inputs. There is no intent, however, to quantify the

performance or the protection requirements in this section, but

specifically, SCC analysis and test plans are called for. The

detailed requirements are then left for the next section.

1.5 Detailed Requirements (50.)

1.5.1 Performance (50.1)

The precise details of performance requirements must

be left to the procuring agency to define in the contract State-

ment of Work. For that reason, the terms "specified performance"

or "perform to specified capabilities" are used frequently in the

text. The contractor must address this specified performance in

detail in his SCC program plans for design, analysis, and test.

The material included in the Spacecraft Charging Requirements

Appendix must be written so that it can apply to a variety of

space systems.

The detailed requirements for electrical system/

subsystem performance calls for returning to specified levels

within a telemetry main frame period after the onset of a

discharge. The intent here is to minimize the loss of command or

* data transmittal as well as the need for reconfiguring spacecraft

* subsystems (clock and logic resets, attitude control, etc.). The

* need to require minimal degradation in material properties for
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thermal control, power, and structure subsystems Is obvious.

These requirements have been previously reviewed and deemed
acceptable by spacecraft contractors and program offices.

1.5.2 Design (50.2)

The design requirements included are considered the

basic essential requirements which must be implemented to provide

SOC protection, and are considered unique to Sc as presented.

The requirements for grounding, shielding, filtering, and

materials selection are based on selected design guidelines from

the NASA Design Guidelines Monograph (Reference 1). Note that it

is called out that the specific design requirements shall be

implemented and the other NASA design guidelines should be

followed where practical. The text also allows, however, for the

contractor to secure waivers from the design requirements if he

can show by analysis or test that his design will not degrade if

the requirement is not implemented. The analysis or test is

naturally subject to the approval of the procuring agency. This

is considered appropriate to allow for individual designs that are

not amenable to the SCC protection features. Detail for the

rationale for the guidelines may be found in Reference 2, "Design

Guidelines for Spacecraft Charging Dossier - Volumes I and II",

prepared by SAI for NASAI LeRC, March 1978. A summary of that

rationale follows.

1.5.2.1 Grounding

Justification for the grounding design requirements

(50.2.1 and 50.2.2) is based primarily on information compiled

previously by SAI for the NASA design guidelines documents.

Tables 1.5-1 through 1.5-4 provide a summary of this information

which was collected primarily from space vehicle contractors. The

DC resistance level of <0.1 ohm for structural elements has been
established as a practical requirement from the standpoint of

fabricating grounds that will stand up through the vehicle life

3-3
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and lend themselves to easy bond meter verification tests. The
requirement for grounding all elements exposed to the plasma

environment and all with >25 cm2 surface area is unique to SCC.
Smaller areas, not exposed to the environment directly, should not

have sufficient capacitive energy (1/2 CV ) to contribute any

discharges of significance.

The requirement for the grounding of their conducting

surfaces, especially multi-layer insulation blankets, is also

unique to SCC protection. The DC resistance level of <10 ohms is

amenable to several methods of fabricating and testing the
integrity of the ground. The recommended number of ground points

on conducting surfaces is based on the basic reliability of the
bonds in the specified SCC environment (there is some spacef light

experience for this).

1.5.2.2 Shielding

Justification for the shielding design requirement
(50.2.3) was also based primarily on information generated In

discussions with space vehicle contractors. Tables 1.5-5 and
1.5-6 summarize this information. The level of 40 db shielding

attenuation of EMI (100 kHz to 1 GHz)is based on typical shielding
provided by spacecraft structures and electronics boxes. The EMI

frequency range covers the full spectrum of that expected~ from 3CC

discharges. This level may change significantly when a good

representation of discharge parameters and EM field

characteristics are available (end of FY81). This design

requirement will then be uniquely related to SCC discharges and
realistically expected EMdI levels. It should be noted that the

complete shielding of cables external to the spacecraft structure
(Faraday cage) is recommended. The contractor is allowed to
verify the shielding by test or analysis, while the procuring

agency has approval authority over the technique selected.



4)'~ .-C!

-d T3 -Z T)-

F 5-o 4,6

p.4  Z

- i ).4.'.

- Z
4) - V ) 4

- c c-- .) 4
- -4- - 4 . . .I

o~ e-

'3z.

q--1



.- c

a '1 R

0a -0

E A -. 0. c4

CE 46
6 .a 

0

z = - Kz Z

Li ~-

- - - - C 3-11



1.5.2.3 Filtering

Table 1.5-7 presents a compilation of design informa-

tion relating to SCC protection through filtering and the use of

components and circuits not sensitive to ESD generated transients.
The use of filtering is intended as a design requirement for

sensitive circuits and components. The application of filters

must be consistent with the transients expected (transients with

frequency content up to 100 MHz are expected for SCC and observed
in tests and flight data to date). Estimates of the pulse shape

have been made, but the amplitude level remains TED (could be

> 100 amperes). The discharge characterization along with

representative coupling calculations for generic space vehicle

designs Is necessary to provide adequate justification for the

quantification of the filtering design requirement. The SCC

associated discharge characteristics (Section 50.2.4.1) should be

available by the end of FY81 and will be incorporated in the next

update of this document.

1.5.2.4 Materials selection

This is a "common sense" type of requirement, but

should be included to direct contractors toward materials selec-

tion specifically to avoid SCC effects. Naturally, there are

"drivers" in the space vehicle design that demand the use of

certain groups of materials, but care in their application can

minimize the 3CC/discharge effects. It would be impractical to

have unique lists of materials that "can be used" and "cannot be

used" because of the variety of designs and needs for materials.

Tables 7.1-1 and 7.2-1 in "Engineering Analysis Interim Report",

SAX CDRL A007, 31 March 1980, summarizes materials development and

characterization information pertinent to the material selection

process uniaue to SCC. AFML documents regarding SCC materials

applications are specifically called out. The requirement for

test or analysis of selected materials to determine their charging

and discharging characteristics can also be met by a knowledge of

3-12
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"past performance" of those materials previously space qualified.

The data base of SCC effects or materials is generally available

to contractors. The expected extremes in magnitudes of

differential potentials (50.2.5.1) should be available during FY81

and will be incorporated into the next update of this document.

g1.5.3 Analysis (50.3)

The inclusion of requirements for contractors to

analytically determine the susceptibility of their space vehicle

designs to SCC has been the subject of debate. Analysis require-

ments (Section 50.3) have been included in the Spacecraft Charging

Requirements Appendix for completeness. It is SAl 's recommenda-

tion that these requirements be included in the final revision of

the MIL-STD-1541 Appendix since a comprehensive SCC protection

program should be inclusive of design, test, and analysis. The

test and analysis programs should be made parallel and

complementary.

1.5.3.1 Analysis approach and procedure

The actual method and depth of analysis has been left

to the contractor. This is necessary due to the variety of space

vehicle designs and analytical tools that can be applied (see

Table 1.5-8). In his overall 3CC protection program, the

contractor should be able to balance efforts in design, analysis

and test applicable to his space vehicle, and result in a

comprehensive, cost effective, effort. If, during the next year,

specific analytical tools (computer models and analytical codes

such as NASCAP) become validated and are of practical use in this

analysis, they will be individually required for application.

The basic concept in the analysis approach and

procedure is to utilize the specified plasma environment and

characteristics of discharges and transient pulses directly

applicable to the space vehicle design of interest. This

information can then be used to:

rih'3-14
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o identify susceptible areas in design

(structural and material configurations, grounding

and shielding techniques, wiring harness layouts,

electrical subsystems, components, etc.)

o identify candidate locations for discharges

(inputs to test program plan)

o identify appropriate ESD test levels

(inputs to test program plan)

It is evident that the analytical activities are important to

verification of design for minimal effects from SCC and necessary

to properly architect a meaningful test program. This is the

basic justification for including the analysis section in the

Spacecraft Charging Requirements Appendix.

A summary of analytical models and computer tools with

applications towards SCC analysis is provided in Table 1.5-8.

More detailed descriptions may be found in Reference 2 and an

up-to-date status on model applicability and availability is

presented in Reference 3.

Included in the following Section 1.5.4 on testing,

various approaches (see Figures 1.5-1 through 1.5-4) are presented

for a joint analysis and test program. The level of testing

required can be directly related to the amount of supporting

analysis implemented.

1.5.4 Testing (50.4)

The testing requirements in the MIL-STD-1541 Appendix

for S/C charging are essential in providing the bottom line

determination of the space vehicle susceptibility to the

phenomenon. As presented in this version of the document, the

determination of test locations and test levels depends

3-18



significantly on the analysis performed by the contractors. It is

considered too stressing to demand that "worst case" test levels

must be applied to all S/C designs. Indeed, the necessary

justification for recommended test levels is not yet available in

the SCATHA program data base. If during the next year, more

justifiable and generally applicable test levels become available,

they will be given a stronger emphasis in the next update of the

5CC Requirements Appendix. The test requirements and test methods

included now in the MIL-STD-1541 Appendix (Section II) reflect the

best state-of-the-art information currently available with a
strong emphasis on "practicality" of representative testing.

1.5.4.1 Test Requirements

Subsystem test requirements are focused on a direct

drive of subsystem boxes by electrical pulses representative of

transients expected from discharges. There is really no

justification for an amplitude level at this time and the

contractor can estimate that level (+6dB) and locate critical test

points by analysis of his design as discussed in Section 1.5.3.1.

If further information becomes available during the next year, a

more justifiable maximum level will be included in the test

requirements. Reasonable approximations of the time domain

waveform of transients are now available and are reflected in the

pulse shape estimates. There is really no rationale that can

currently be applied to the pulse number and rate. A generally

acceptable industry standard is provided.

System test requirements call for both CDI and arc

*injection testing. The intent is to have the space vehicle

respond to the test in a manner similar to that for a blow-off and

flashover discharge in space. Again, test amplitudes and loca-

tions should be determined by analysis due to the lack of refined

* quantitative information at this time. The same comments as for

subsystems apply for the pulse shape, number, and rate.
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The susceptibility of the subsystems and system must

be carefully measured against pass/!ail criteria for the tests.

These criteria have to be carefully derived from subsystem/system

performance requirements and must be mutually approved by

contractor and procuring agency in the test plan. Tables 1.5-9

and 1.5-10 provide background summaries from the various test

programs studied in establishing test requirements as well as the

following test methods. The bases for the final test procedures

will evolve from the IRT SCATSAT test program.

1.5.4.2 Test Methods

The test setup, test conditions, test equipment, and

supporting analysis were derived from the test activities

summarized in Tables 1.5-9 and 1.5-10. The contractor is allowed

flexibility in designing his own test to meet the test

requirements with aPproval authority to the procuring agency. It

is felt necessary that these tests draw significantly on the

results of the analyses efforts (Section 1.5.3).

The EMI test requirements and test methods called out

in MIL-STD-461A and MIL-STD-482 are very specific for the

conducted emissions and radiated emissions referenced. It is

naturally the hope that the ESD test requirements and test methods

can some day be made specific, but currently the information is

not available to quantify the test levels and pulse parameter

characterization required. It is also questionable whether such

specific test procedures can be developed which are universally

applicable to the full variety of space systems to which the

MIL-STD-1541 SCO Requirements Appendix is to be applied. In a

manner, over-specifying the test procedures may be self defeating

in reducing the flexibility allowed to the contractor, and make

SPO approval of the document difficult to secure.
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Table 1.5-9 Test Methods, Conditions, an

AMBIENT,COMPONI.NT, UNIT, OR SYSTEM TEST VACUUMSOURCE DESCRIPTION SUBSYSIEM PROl.lJURES PROCEDURES OR OTHER?

Suwnary Structural model, qualification MIL-SID-141 levels; radiative Structural model testing Ambient okay,
model, and fliqht vehicle dis- discharno testinn for rnmponvnts very useful to flao suscepti- screen rom
charge testing. and unit-, unit te-ting on con- hle design areas, qual. model preferred

diuctive Plane with current In- testing - full level, flight dielectric
,ection from discharge, monitor vehicle - limited testing, radla- isolation nec
circuit, unit responses, flag ted EMI and current injection essary, full
and fix sensitive areas. both necessary, battery power to scale vacuum

vehicle, test locations TeD by Irradiations
(Qual. units - fill level test- analysis, monitor telemetry, do not appear
ing, flight units - limited require complete test plan. practical at
level teqtino 10l7) this time, EN

dampers where
Require (nmplPte test plan practical in

test chamh-rs

IRT "SCATSAT" structural model and N/A 2/3 scale structural model, cruce Ambient, di-
"Tin Can" experiments, harness layout, shield currents electric lo-

plotted, initial "Tin Can" tests latlon from
are for cylinder with dielectric ground, scr
on one end, room for data

SCATSAT Irradiation tests in simu- Vacuum test i
lated space environment. NASA/L.RC

chamber.

DNA/Physics "SKYHET" electron irradiation N/A 5 key X-rays, electron oun irrad- Vacuum (Old
International tests iations, discharqes monitored, facility)

S/C huno and ,r'(undnd thrnuoh
5r)0 k ohm.

Oual. model

WRI NTS-X environmental spec. MIL-S11-l5I level%. Full S/C test with spar* dis- Ambient-
proposed testing charge - not well defined flight anechoic

E field: r V/t, 14 KHz-|O Gz mode. chamber.
Power lin-: I V P-P primary

Rn V PIIS secondary
D in. Crc.: I V p 1se, 10 nsnc

. rise.

Comsat Intelsat IV testing (see Support for Hughes style testing Intelsat V plan for full level Ambient,
Hughes information below), of suhsystems or ,,nits on con- test on qual. model It level dielectric
monitoring Intelsat V testing ducting sheet%, test on flinht model. Isolation.
(see Ford below).

Hunhes Intelsat IV q.al. model dIs- Dischartir hetween cnndioctlnn Various discharges near and to Amt~ent,
charge and current lnlhvction sheets caused OCC tinit anomaly nual. model vehicle reproduced in anechoic
tests. observed in space. inasnnable anomalies and other effects, chamber, di-

di-charor narampters ,,snd. several methods of excitation electric
some harneinq inp 1uded. used. SIC isolated, battery isolation f

powered, ground.
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ns, and Instrumentation Background Summary

lENT. RADIATED EMI TESTING.
VACUUM CIIARGE REDISTRIBUTION, OR TIIEORY/AIJALYSIS ISRMNAINCMET
-OTHER? CURRENT INJECYION/IEST LEVELS BEIiII1D PROCEDURES SRUETIOCO4LT

lent okay. Most reasonable, discharoe para- Primarily geoneral con- Battery operation Testing should proceed
n room meter ranges: cepts, some reasonable fast scopes (hatt. with caution, limited
erred experience and parallels op.) current probes flight unit, vehicle
lectric -10 to ?O kV Potent to SCFMP testing, some A mionitors, shielded testing is warranted
latlon nec- - un to I joule energqy trial A error mist 1%, cables. various spark where analytical treat-
ry, full -10 to 50 nsec rise time vxplected. nap A discharne con- ment is comprehensive,

le vacuum - 100 nsec to I lisec pulse cepts acceptable, tIL -STD-I541, 461.
edlations width fiber optics useful if
not appear - '0 to 1000 A current available (see IRT EMI susceptibilities
tical at -up to 30 sec. at I pulse/sec: referenced summlary for are nnod baseline:
S time, EM detailed instrumnt IRT information has

.rs where Radiated EMI from spar-k nap. list) best tost plan concepts.
tical in

t chamb-rs. Direct flischaroe into structure.

* Capacitive Direct Injection, CDI)

Ilent, dli- Capacitive coupler discharge levels Based on previous Sr~f.MP E,, If,, shield Appears to be very use-
tric i-o- TBD in test plan, "Tin Can" ex- treatments. modified current monitors, ful, awaiting results A

ion from periment will check drive mechanisms; SARRE code, initial fiber optics, comparison to full scale
nd. screen AD, i. Cl, ES, tip to 10" A. "Tin ran" imidel vert i- battery powered, SCATIIA testing.
for data. cations. all IPO. fast scopes (>400

Mllz), cameras. IITest procedures coming for
mr test In probes this program.

A PRC
er.

un Elw . Charging of S/C surface (solar Part of overall W'tP Potential Probe, re- Initial attempt at elec-
fifty) array) to breakdown, discharges testing, pi-ihictions, placemient current, tron irradiations of full

monitored, multiple discharges within factor or 2 of posible shadowing scale S/C, SO cm?~ dis-
200 nser.. anart. test. by probe, fiber op- charne areas results

tics for transients applicable to specifica-
signal transmission, tion.

___________ _____ __________ strip chart recorder. ______________

lent - Arc di-scharoe 10 kV, jonflA. QPustionauble. UndleflInod General tepstinn proposed
hoic I usec pulse with 50 sec not well defined.
er. rise.

lent, All forms recoummended. Blased on (v'ocral Undefined - aside Sne Hughes and Ford

Iectric 
only. from "standard' writnups

Iaton. 
equipment.

lent, so 4 to I keV capacitive breakdowns, Based on o-neral con- Rattery- powered InitiallY overstressed.
anechoic up to 7 joules, discharge In cppt, to 'pliaescopes, current
amber. df- vicinitv and direct Inirction, spc observotd probes. monitored Sowe units (with tischarae
octri c 5 to 10 nsec rise time, several ,,ioma I I s. tele-metry, no > 1 Joule energy), backed

ato ro 0% fappe.fiber ontictz. off to reasonable levels and

rid. found some design flaws (e.g.



Table 1.5-9 Test Methods, Conditions, and Instrume

~ANSI
SOURCE DESRPTION COMPOiEIT, UNIT , OR SYSTEM TEST VAMB

SUBSYSTEM PROCEIURES PROCEDURES OR 01

GE BSE Testing completed. DSCS III BSE: followed MIL-SlD-1541, 461. As done to subsystem (BSE) Screen
testing planned. dieleciDSCS III conductive plane with OSCS III- qual A flight models isolati

suhsystem mockup, headboard esp. at Faraday cage points of
circuits also discharges at entry, no current injection. Amhieni
various distances.

JPL Two proof test model tests, Boeing test chatoing of RIG, First test unreliable, second Screeno
one flight Voyager test to etc. - not very hiqh confi- test on electrically "fixed" enviro
verify minimal charging dence. vehicle. non-fsi
susceptibility. & isoll

Flight vehicle test all okay (all tests.i
fixes incorporated).

Initial test located design areas
which were sensitive, followed
NIL -SID-1541.

FACC NATO III testing done N/A MIL-ST-1541 nuide. Amhienq

NATO III discharge in vicinity
(radiated EM!l, followed Stu

.... __ _ _Rowers spec.

TRW Test requirements, Fltsatcom ML-STO-1541. 461, or EMI circuiti MIL-STO-1541 , guides qual. model AmbIe
test plans (preliminary). susceptibilities should be tests: ESO, SGEMP, DEMP procedures. isola

checked, procedures. vacum
ferabl

Discharges at several locations, S/C
current injection into corners. tion)

dampe
Oual. model testing severe,
flight vehicle tests undefined -
50 A structural current level
considered.

Martin Viking tests results, N/A Viking - capacitive discharge Ambie
Marietta SCATHA test plans. through vehicle structure. die)

i sol a
SCATIIA - radiated and direct
discharge in S test locations.

Commni- CTS spacecraft tests N/A C/ level radiated EMI tests, Ambi
cations arrays deployed.
Res. Center

Literature Testing requirements. Standard as MIL-I-11;4I guide. Qual. model recommended to full From& Standards level, flight models to lower to v
level with analysis. level

with
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trumentation Background Summary (Cont.)

AMBIENT, RADIATED EMI TESTING,
VACUUM CHARGE REDISTRIBUTION, OR THEORY/ANALYSIS ISTRIt4NTATION COMNENTS

OR OTHER? CURRENT INJECTION/TEST LEVELS BEHIND PROCEDURES

Screen room, 15 nsec rise, 4 sec width, General principles Spark gap device No sensitivity to discharge
dielectric 1200 V/, .5 joule at 2. 7. experience. diqital ohmeters, 7 cm (radia-
Isolation. 30 cm - radiative. 10 kV EMC-25 w4, mll tive), concern on stress-

recniver. battery inq in current injection
Ambient. DSCS III'- Current injection ponwered, onnd tests.

10 nsec rise, 40 nsec width, screninn.
30 A peak to peak

Screened All three testing stages, 15 kV, Some trial A error, Spark gap, antenna Concern over electrically.
environment, 6.5 m joule: arc discharge in drew on experience, pickups, fast scone stressing flight vehicles
non-isolated vicinity, one end of electrode monitored transient shielded cables, overall testing done.
& isolated grounded to S/C - permit dis- pulses 100 nsec current probes, sim-
tests. charge & redistribution currents, width, 10 V damage ilar to Iluahes set-up. Appears reasonable,

direct iniection. threshold. monitored all S/C rpsults consistent.
tel,'metry.

Ambient. Radiated EMI & low level current 6 dB above EMI environ- Uniefined, no culr- Basically Go/No Go test-
injection 10 kV, 50 pfd, 2.5 m ment. rent probes, etc,. Ing procedures, Intelsat
Joule. onlyv telemetry plans being negotiated

monitored, with Comsat.

Ambient okay 5 kV spark gap, 7 Pfd, 1000 A, E4C, SGEMP, DEMP. General only, Full scale S/C testing
isolation, 2OO nsec pulse. BKGND, General specific instri- seems too difficult to
vacuum pre- principles. ments undefined, accomplish reasonably,
ferable (full Fltsatcom - 10 to 20 kV, did include micro- facilities not yet
S/C irradia- I pulse/sec, 1000 A. I sec. wave datalink. available.
tion) EM
dampers McPherson recommendat ions:

200-300 A, 2-6 sec.

Radiated EMi and current in-
Jection, also direct arcing
to cables.

Ambient, Viking - 2 kV, .05 fd to General concepts, Undefined except Viking test results yeen-
dielectric structure. some coupling analysis. for standard eiiip- fled coupling analysis -
isolation. mnt. Yes/No only.

SCATHA - 10 kV, 2.S m ioule

to structure

Much is TRO.

Ambient. 10 kV, 500 pfd, 2.5 m joule General concepts only. Standard telemetry Cautious test, no output
not nuantitative on distances, monitored. problem observed.
radiative only.

From ambient Radiated EMI and current, in- Past specs, and General Should be referenced where
to vacuum j., ction reconfided, various standards. Information is pertinent,
level SIC test levels. test plans included.
with particle
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The test procedures should become more definitive

during the next year (this has been tasked to IRT). Through the

SCATSAT CDI and irradiation test programs, a variety of test

conditions and test equipment have been explored for applicability

to representative ESD testing. The equipment used to monitor space

vehicle susceptibility to SCC-caused transients should be capable

of measuring signals with adequate accuracy to a level of 6 dB

below the unit, subsystem, or system requirements. These

instruments should provide adequate bandwidth and proper time

response to meet the test measurement requirements.

Measured signals should be permanently recorded for

later analysis as needed. Use should be made of wideband

oscilloscopes, spectrum analyzers, wideband transient detectors,

circuit monitors, recorders, current meters and probes, wideband RF

detectors and/or other instrumentation capable of monitoring unit,

subsystem, or system performance. The equipment used in this

testing must have the approval of the procuring agency and be fully

described in the applicable test plan. Measuring techniques and

instrumentation accuracies should be discussed in the test plan.

Any peculiarities in operation, performance, or output in the

measuring instruments must be also discussed in the test plan. All

space vehicle telemetry equipment, aerospace ground equipment (AGE),

EMC test equipment (see MIL-STD-1541) and any specially designed

electrical pulsers and SCC measuring equipment used in these tests

should be described in the test plan.

The measurements recorded during the SCC tests must be

analyzed and used to verify that the space vehicle performs to

* specified levels. Transients shall be shown to be below upset

levels for all critical circuits and components in electrical

subsystems. Thresholds for upsets of space vehicle critical

circuits and components may be measured at the unit level or

p calculated analytically. The method chosen is subject to approval

by the procuring agency. Protective design features must be

*3-24



incorporated for all electrical systems to correct any performance

features shall be demonsrated by further test and analysis.

When cost effective and consistent with MIL-STD-1541,

the contractor is encouraged to combine analyses and tests in a

unifiled fashion to demonstrate protection compliance to all

electromagnetic environments. The relationship of the spacecraft

* charging requirements to other electromagnetic requirements must be

- . demonstrated to the procuring agency and included in all applicable

test and analyses plans.

1.5.4.3 Test and Analysis Approach

The point has been stressed previously that a parallel

program of analysis and test is essential to comprehensively

address the SCC susceptibility of specific S/C designs. The

MIL-STD-1541 Appendix should provide "worst case" specifications

for

o the plasma environment

o the differential potentials and potential gradients

on a generic S/C

o the discharge signature

The contractor can enter his analysis program at any of these

levels and, by incorporation of specifics with respect to his S/C

design, can architect a representative program of analysis and

test. The various approaches possible go from minimum analysis/

maximum testing to the other extreme of maximum analysis/minimum

testing. Table 1.5-11 and the flow diagrams in Figure 1.5-1

through 1.5-4 outline the approaches available to the contractor.

The option of reduced level testing is available to

the contractor if he can demonstrate, through sufficient analysis,

that discharge and transient amplitudes expected for his specific

design are lower than those presented in the "worst case"
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Table 1.5-11 Analysis/Testing Approaches

1. Minimum Analysis/Maximum Testing

o Accept specified "worst case" charging levels & discharge
characteristics

o Implement recommended test procedures for discharge
p testing to full (100%) levels (possibly in steps)

o Monitor response to S/C, analyze results, determine
susceptibility

o Fix, redesign, retest/analysis if required

2. Moderate Analysis/Reduced Level Testing

o Analyze S/C design (using charging models & discharge
analysis) to determine actual predicted levels; need
SPO approval

o Implement test procedures to these predicted levels
o Monitor response of S/C, analyze results, determine

susceptibility
o Fix, redesign, reanalyze/test if required

3. Moderate Analysis/Low Level Testing

o (Analyze S/C design as in 2.) or accept "worst case"
levels

o Implement test procedures to fraction (..1%) of
predicted or "worst case" levels

o Monitor response of S/C as in 1. and 2.
o Instrument S/C to measure internal transients in

critical'' circuits
o Scale measured responses to full predicted or "worst

case" levels
o Analyze susceptibility of S/C circuits and components

to scaled values
o Fix, redesign, reanalyze/test if required

4. Maximum Analysis/Minimum Testing

o Perform comprehensive analysis of S/C design from
environmental inputs-charging analysis -discharge
characterization-transients analysis

o Predict transients for "critical" circuits
o Determine susceptibilities; perform supportive tests

* if necessary; need SPO approval
o Fix, redesign, reanalyze/test if required
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specifications in the MIL-STD-1541 Appendix. It remains for the

SCC community to provide the procuring agency with the knowledge

to properly assess the contractor's SCC protection program.

2.0 / SUMMARY/RECOMMENDATIONS .

-Several key issues remain unresolved at this time.

Any problems regarding the formatting of the MIL-STD-1541 Appendix

or the structure of the document can be worked out with AFSD/YLVS

and their Aerospace support. SAI would like to concentrate its

efforts during the next year, however, on resolving primary

technical issues associated with the document and in incorporating

the outputs of key program activities (see Section I, 2.0).

It is extremely difficult to refine this MIL-STD-1541

revision so that it pleases or is at least acceptable to everyone.-

Obviously, there is much controversy over the present document and

its contents. ' SAI has drawn upon a large base of information (see

Section 3.0)-in developing the MIL-STD-1541 appendix for S/C

Charging and SAI has a centralized view of what is needed by the

community. This view is inclusive of the interests of

SPO/Aerospace, space vehicle contractors and supporting agencies.

The technical issues must be resolved among this community and not

be biased towards any group.-- SAI recommends that AFSD coordinate

meetings during the next 3 months'among SPO, Aerospace, and SAI

personnel to iron out the basic content (if not the technical

details) of the MIL-STD 1541 revision. 'Of prime importance is to

ascertain the manner in which the "worst case4 specifications for

the environment, charginv, and discharging should be presented,

and how to properly incorporate the analysis and test

requirements.-:-SAI plans to focus its attention toward these areas

in the near term.

3.0 INFORMATION SOURCES

The NAS4 Design Guidelines Monograph (Reference 1) has

a detailed list of over 100 references of spacecraft charging
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information. All references have been reviewed by SAI, and SAI has

had several discussions with key members of the SCATHA/P78-2

community. The following list summarizes the prime references,

recent contacts, and other sources of information which have been

useful in developing the inputs to this report.

KeyReferences

1. N. John Stevens, R. Kamen, A. Holman; "Design Guidelines for

Assessing and Controlling Spacecraft Charging Effects";

January 1980, NASA document to be published (preliminary

draft).

2. R. Kamen, A. Holman, R. Simas, E. O'Donnell, M. Grajek,

D. McPherson; "Design Guidelines for Spacecraft Charging

Dossier - Vols. I and II", SAI report for NASA Contract

NAS3-21048, March 1978.

3. E. O'Donnell "Spacecraft Charging Model Validation/Test

Evaluation Status Reort", SAI CDRL A009, Contract

F04701-80-C-0009, September 1980.

4. H. Garrett, G. Mullen, et al, "P78-2 SCATHA Preliminary Data

Atlas", AFGL Report (draft), June 1980.

5. C. Pike, R. Lovell; "Proceedings of the Spacecraft Charging

Technology Conference (1976)", NASA TMX-73537, AFGL-TR-77-

0051, 1977.

6. R. Finke, C. Pike; "Spacecraft Charging Technology - 1978",

NASA Conference Pub 2071, AFGL-TR-79-0082, 1979.

Other Sources

1. Publications listed in Section II, 20.1, 20.2.
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2. DSCS III SPO/Aerospace documents (GE Reports):

SVS - 1023-B: EMC Plan

SVS - 9625-B: EMC Performance Requirements

SVS - 9352-E: EMC, Subsystems and System for DSCS III

SVS - 9354-C: Grounding, Shielding, Bonding Reports - DSCS III

3. MIL-STD-1541 (and MIL-STD-1541A draft)

MIL-STD-962

MI L-STD-462

MIL-STD-461A

4. IRT: CDI, CAN, and SCATSAT Testing Monthly Status Reports and

Final Reports (1978-1980).

5. TRW: S/C Charging EMI Margins Monthly Status Reports (1979-

1980)
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Bob Kamen (SAI)

Harry Koons (Aerospace)

Maj G. Kuck (AFSD)

Bill Lehn (AFML)

Don McPherson (SAI)

Paul Mizera (Aerospace)

Gary Mullen (AFGL)

Ed O'Donnell (SAI)

Maj. J. Roberts (AFSD)

Gary Schneulle (S3 )

N. John Stevens (NASA/LeRC)

Al Vampola (Aerospace)

Larry Weeks (Aerospace)

Al W hittlesey (JPL)

Jason Wilkenfeld (IRT)


